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New Physics Hunters @ the LHC

The ATLAS experiment

The CMS experiment

…And also LHCb and MoEDAL



LHC: So far no new physics 
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Classical Searches
-Superymmetry
-Exotica
-Flavor Universality
-…

No signal of new physics so far!!



Are we leaving no stone unturned?

• The LHC BSM searches are indispensable and should be 

continued in the new energy regime and with increasing 

statistics (higher mass, lower couplings) 

• But if we still do not see more than a 2 sigma at the end of 

run 3, the HL-LHC will be likely mostly a precision physics 

machine, searching for subtle deviations 

• Are we looking at the right place? Time for more effort in 

thinking of complementary searches? 

Are we looking at the right place? Leave no stone unturned!!



Long Lived Particles

• RP Violating SUSY

• ASMB SUSY

• Gauge Mediated SUSY

• Split SUSY

• Hidden Valleys Models

• Dark QED/Dark Photons

• Monopoles

• Quirk Models

• Dark Matter Models…

• Stable Sexaquarks

• Axion-Like Particles

• …. 5



Long Lived Particles @LHC
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Some of the Challenges

Triggers: Tracking detectors
are powerful but difficult
to use in trigger

Backgrounds often low. 
But need special studies
(punch through, secondary
interactions, cosmics…)

Special reconstruction is 
often needed

Signatures



• Displaced jets, dijets, vertices

• Disappearing tracks 

• Displaced leptons & lepton jets 

• Displaced photons

• Dark photon decays

• Heavy Stable Charged Particles

• Stopped particles

• Emerging jets

• Monopoles stuck in material

• Heavy Neutral Lepton searches

• Strongly Interaction Massive Particles 

• …. (others…new ideas… ) 

Long Lived Searches Overview 
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Long Lived Searches: Examples 

metastable R-hadrons 

displaced leptons disappearing tracksdisplaced jets

stopped particles Hidden Valley searches



Long Lived Particle Searches
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Long Lived Particle Searches

arXiv:1810.12602

Summary plots
from the above
reference, on
the present 
coverage



Heavy Neutral Leptons
Neutrino portal: νMSM (Neutrino Minimal Standard Model) 

Minimal extension of the SM fermion sector by Right Handed HNLs: N1, N2, N3. 

D.Gorbunov, M.Shaposhnikov JHEP 0710 (2007) 015 

First LHC results on prompt studies
Majorana/Dirac? Now studies with displaced jets/lepton analyses. L~ 1m? 



Search for Heavy Neutral Leptons
Neutrino portal: νMSM (Neutrino Minimal Standard Model) 

Minimal extension of the SM fermion sector by Right Handed HNLs: N1, N2, N3. 

arXiv:1802.02965



Search for Heavy Neutral Leptons

Neutrino portal: νMSM (Neutrino Minimal Standard Model) 

Minimal extension of the SM fermion sector by Right Handed HNLs: N1, N2, N3. 

Sensitivity plot for HNLs/Marco Drewes et al.



BSM Searches in Heavy Ions
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arXiv:1810.09400

Reach for equal 
run times, including
the luminosity 
limitations4-5 Dec., UCL, Louvain-la-Neuve, Belgium



Monopoles

Symmetrizes Maxwell equations

Searched for at all colliders

Tevatron direct limits ~ 400-800 GeV

Magnetic Monopoles to explain the quantization of electric charge (Dirac ‘31)

= n 68.5e

arXiv: 1112.2999



2016 data analysis base on 222 kg Aluminium to “stop” the monopoles and 
search for them with a SQUID precision magnet   (2.11fb-1) arXiv:1712.09849

Monopole Searches: MoEDAL @ 13TeV

Limits for different  

monopole charges

First monopole search 

result @LHC at 13 TeV
No signal yet..



New Detector Ideas

Prototyping ongoing/demonstrators in place
Aim for the LHC run starting 2026 (phase 2) 



Proposals for New Experiments @LHC

MilliQan: searches for 
millicharged particles 

CODEX-b: searches for long lived
weakly interacting neutral particles 

MATHUSLA: searches for long lived
weakly interacting neutral particles 

FASER: searches for long lived
dark photons-like particles

New: AL3X (‘ALICE’ for LLP arXiv.1810.03636)… 



Particles with Milli-Charges?

“New” idea  -> Hunting for particles with charges ~ 0.3-0.001e 
Baseline paper:   arXiv:1410.6816
Proposal for a new experiment/CMS subdetector ->      

MilliQan Experiment

arXiv:1607.04669



MATHUSLA

A proposal for a large area 
surface array to detect ultra
long lived particles coming
from the pp collisions

Aim to cover the range 

~ BBN constrained inspired

Possible detector
surface array eg
above ATLAS or
CMS:  ~ (100m)2

CERN-LHCC-2018-25

Physic case arXiv:1806.07396

100m100m



CODEX-b Proposal
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Re-using ALICE (Run 5)?
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1810.03636



Physics Reach: Example

23For low masses: MATHUSLA, CODEX-b and AL3X have a leading edge

x

x



FASER Proposal
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arXiv:1708.09389

FASER

~ 400m



25

Need a more 
systematic approach 

2016



LHC White Paper in Preparation
Web page: https://indico.cern.ch/event/649760

White Paper being finalized

Input from ATLAS, CMS, 
LHCb, proposed specialized 
experiments and theory
Complete by fall 2018
(~ 200 pages)  

Also meetings with 
LHC Dark Matter group

Next workshop: 27-29 May 2019 CERN 



SHiP Beam Dump Experiment Proposal
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arXiv:1504.04956

arXiv:1811.00930



CERN High Beam Intensity Initiative 
Many studies on
long lived particles

- Axions & ALPS
- Dark photons & scalars
- Heavy neutral lep[tons
- Millicharges
- Electric dipole models
- …

Summary plots of the
reach are being completed
for the European Strategy
Document (December)

Next workshop (January)
https://indico.cern.ch/event/755856/

NA62, NA64, SHIP, LHC new experiments…



The PBC-book
will be out in
~ a week

SHiP



Beam Dump Experiments

High intensity frontier for low mass particles with very weak couplings
->upcoming neutrino experiments (SBL, LBL) foresee very high intensity beams   

These experiments can
perform searches for low 
mass New Physics particles eg
-HNL/sterile neutrinos
-dark photons 
-ALPs
-mini/millicharges
…

<- Example for millicharges
FerMINI @FNAL?

Near Detector:
few 100m away
from the dump

> 1021 POT/Year

arXiv:1806.03310



SHiP <-> Neutrino Beam Dump
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- SHiP: 400 GeV protons with 4e19 POT/year 
- DUNE: 80/120 GeV protons with 1-2e21 POT/year
- Optimized acceptance for SHiP
- For the NDs the HNL search is not their main program
- Example HNLs via heavy flavor decays: cross sections strongly energy

dependent

Comparison of the sensitivity?

Low mass study for T2K for 8e20 POT



• Clearly and increased interest in LLP searches at the LHC 

in CMS, ATLAS, LHCb, MoEDAL. Many analyses done or 

in are progress. No signal observed yet, but only top of 

the iceberg covered so far.

• LLP White Paper coming (LHC). Many ideas for new 

analyses yet to be analysed for the LHC data 

• New ideas for additional small experiments at the LHC to 

increase the coverage: MilliQan, MATHUSLA, CODEX-b, 

FASER, AL3X. Future beam dump experiments (SHiP). 

LLPs also focus in the Physics Beyond Collider studies

• Of interest to study in detail the complementarity with LLP 

searches at Neutrino Near Detectors. Can these be 

further optimized? 

Summary 
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BACKUP



Status of the Various Projects
Simon Knapen FNAL seminar

Similar timelines for 
MATHUSLA, MilliQan
CODEX-b, FASER



Mass-c𝞃 Coverage (2017) HV Pions
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